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INTRODUCTION 


The  usefulness  of  superalloys  in  certain  defense  oriented  applications 
can  be  improved  greatly  by  electroplating  a  coating  of  chromium  to  change  the 
surface  properties.  Unfortunately,  superalloys  pose  special  problems  for 
electroplating;  these  alloys,  like  stainless  steels,  are  readily  passivated  by 
the  formation  of  surface  oxide  films.  The  oxide  films  can  reduce  deposit 
adhesion1*2  and  special  processing  is  necessary  to  remove  the  films  prior  to 
plating . 

A  number  of  processes  are  available  for  activating  stainless  steels  for 
plating. 3-9  This  information  is  generalized  in  ASTM  Designation  B254-533  and 
includes  (a)  cathodic  or  anodic  treatments,  (b)  immersion  treatments  and  (c) 
simultaneous  activation  using  a  strike  intermediate  layer.  While  superalloys 
are  similar  to  stainless  steels,  it  is  not  known  whether  the  same  activating 
procedures  are  applicable.  The  limited  number  of  references  on  super- 
alloys^  >9 » 10  suggests  the  need  for  an  intermediate  strike  layer  in  a  viable 
activating  process.  The  success  of  treating  active-metal  substrates  with 
strike  plating  is  well  documented. 12  However,  if  the  alloy  is  intended  for 
use  in  a  high  temperature  environment,  the  presence  of  an  intermediate  layer 
may  be  a  detriment. 

The  present  project  was  undertaken  with  two  objectives  in  mind:  the 
first  is  to  develop  an  activation  process  for  treating  iron,  nickel  and 
cobalt-base  superalloys  for  chromium  plating  without  the  need  for  a  strike 
layer  and  the  second  is  to  develop  a  simple  qualitative  test  for  evaluating 
the  adhesion  of  thick  chromium  deposits. 

References  are  listed  at  the  end  of  this  report. 
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EXPERIMENTAL 


Plating  Procedure 

All  chemicals  were  of  reagent  grade  and  used  without  further  purifica¬ 
tion.  The  chromium  solution  was  prepared  by  dissolving  250  g/£  of  chromic 
acid  and  2.5  g/i  of  sulfuric  acid  in  distilled  water.  Cylindrical  samples 
measuring  three-fourths  of  an  inch  in  diameter  and  one  inch  long  were  machined 
from  CG-27,  HS-25  and  U-700  bar  stock.  The  circumferential  area  of  the 
samples  is  masked  with  heat  shrinkable  polypropylene  tubing  exposing  only  the 
flat  end  face  for  plating.  No  precleaning  procedure  was  used  prior  to  surface 
activating  because  the  sample  was  used  immediately  following  surface  grinding. 
The  samples  are  activated  using  acid  solutions  and  techniques  summarized  in 
Table  II.  The  plating  experiments  were  conducted  in  a  two  liter  beaker  using 
a  platinum  anode,  cathode  rotation  and  no  external  mechanical  agitation.  High 
contraction  (HC)  chromium  was  plated  at  a  current  density  of  31  A/dm2  and  a 
solution  temperature  of  55  ±  1°C  while  low  contraction  (LC)  chromium  was 
plated  at  150  A/dm2  and  85  -  1°C. 

Adhesion  Testing 

A  new  qualitative  test  was  used  to  evaluate  the  adhesion  of  HC  and  LC 
chromium  on  superalloy  substrates.  The  shaper  groove  test  was  designed 
specifically  for  use  with  thick  brittle  coatings  such  as  chromium  but  was 
found  to  be  also  applicable  to  ductile  coatings.  The  test  procedure  is  illus¬ 
trated  in  Figure  1.  A  cylindrical  sample  is  secured  in  a  parallel  bar  holder 
for  surface  grinding.  The  use  of  a  parallel  bar  holder  insures  that  the  sam¬ 
ple  can  be  removed  and  repositioned  without  changing  surface  alignment.  After 
grinding,  the  sample  is  masked  and  activated  for  chrome  plating.  Chromium  is 
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deposited  to  a  thickness  of  75  y  after  which  the  sample  is  returned  to  the 
parallel  bar  holder  and  secured.  A  small  metal  shaper  equipped  with  a  carbide 
tool  is  used  to  cut  parallel  grooves  across  the  plated  surface  to  a  depth  just 
below  the  interface.  The  degree  of  adhesion  is  evaluated  with  the  aid  of  a 
low  power  optical  microscope.  The  conditions  best  suited  for  this  test  were 
determined  by  studying  chromium  deposits  of  varying  thicknesses  (25  to  150  y) , 
grooves  of  different  depths  (0.125  to  1  ram  from  the  interface),  distance  of 
groove  separation  (0.75  to  2.5  mm)  and  different  speeds  of  the  cutting  tool. 
The  best  results  were  obtained  with  the  use  of  a  75  y  thick  deposit  with  the 
parallel  grooves  cut  at  a  depth  of  175  y  from  the  interface  at  a  separation  of 
1  mm  using  a  traversing  tool  speed  of  about  7.5  cm/sec. 

RESULTS  AND  DISCUSSIONS 

The  performance  of  the  shaper  groove  test  was  characterized  by  examining 
chromium  coatings  on  modified  4340  steel  substrates  to  determine  test 
procedures  (see  Adhesion  Testing,  Experimental  Section)  and  to  establish  a 
data  classification  system.  Typical  results  of  the  shaper  groove  test  are 
illustrated  in  Figures  2A  and  2B  for  LC  chromium  deposits  and  Figures  2C  and 
2D  for  HC  chromium  deposits.  Although  qualitative,  this  test  is  sufficiently 
sensitive  to  differentiate  among  the  following  four  classes  of  adhesion: 

(1)  Excellent  -  fracture  occurs  only  within  the  chromium  layer  or  the  coating 
on  the  land  remains  undamaged.  (2)  Good  -  fracture  occurs  predominantly  in 
the  chromium  layer.  (3)  Poor  -  fracture  occurs  predominantly  at  the  inter¬ 
face.  (4)  No  adhesion  -  coating  detaches  completely  at  the  interface  or 
spalls  during  plating.  Using  this  classification,  the  adhesion  depicted  in 
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photographs  2A  and  2C  would  be  judged  excellent  because  the  coating  remained 
undamaged  after  grooving.  Photograph  2B  also  shows  excellent  adhesion  on  the 
basis  that  failure  is  completely  interchromium.  Photograph  2D  shows  a  case  of 
poor  adhesion  where  failure  is  predominantly  at  the  interface.  This  system  of 
classification  was  applied  to  evaluate  the  adhesion  of  chromium  or  superalloys 
and  stainless  steels  after  various  activation  treatments. 

The  composition  of  the  superalloys  used  in  this  study  is  given  in  Table 
I.  The  composition  of  several  stainless  steels  is  also  included  for  compari¬ 
son.  These  alloys  contain  large  amounts  of  nickel,  cobalt,  chromium  and 
molybdenum.  It  follows  that  treatments  which  are  suitable  for  activating 
these  elements  for  plating  may  also  apply  to  superalloys.  Potential  treat¬ 
ments  were  selected  on  this  basis,  i.e.,  sulfuric  acid  for  activating  nickel 
substrates,  chromic  acid  plating  solution  for  chromium  substrates  and  hydro 
fluoric  acid  for  the  less  common  metals. 

The  results  of  the  adhesion  testing  are  shown  in  Table  II.  Run  #1  estab¬ 
lishes  the  adhesion  obtained  for  superalloy  substrates  exposed  only  to  surface 
grinding.  The  fact  that  a  freshly  machined  surface  produces  some  adhesion  is 
encouraging  and  suggests  that  activation  without  an  intermediate  strike  lay^r 
is  a  distinct  possibility.  However,  a  search  of  the  literature  revealed  only 
one  process  which  does  not  employ  strike  plating  in  the  activation  step. 

This  treatment,  run  #2,  consists  of  a  one  minute  dip  in  a  20  percent  hydro¬ 
chloric  acid  solution,  water  rinse,  1/2  minute  immersion  in  a  67  percent 
nitric  acid  solution,  water  rinse,  1/2  minute  immersion  in  chromic  acid  plat¬ 
ing  solution  and  plate  in  the  same  chrome  solution.  For  U-700  and  HS-25,  the 
resulting  adhesion  is  no  better  than  that  obtained  with  a  freshly  ground  sur- 
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face;  however,  the  adhesion  is  excellent  on  CG  27 .  Anodic  and  cathodic  treat 
ments  in  a  chromic  acid  plating  solution,  run  # 3  and  4,  produced  good  adhesion 
in  CG-27  and  no  adhesion  on  U-700  and  HS-25.  The  good  adhesion  obtained  with 
CG-27  is  attributable  to  the  high  iron  content  in  this  alloy;  chromic  acid 
plating  solution  is  known  to  be  effective  for  activating  iron  alloys.  Anodic 
treatments  using  30  percent,  60  percent  and  concentrated  sulfuric  acid  solu¬ 
tions  did  not  promote  adhesion.  A  slight  increase  in  adhesion  was  obtained  in 
treating  CG-27  with  60  percent  sulfuric  acid  solution  by  extending  the  etching 
time  from  one  to  two  minutes.  Other  processes  investigated  include  a  cathodic 
treatment  with  a  mixture  of  30  percent  sulfuric  acid  and  5  percent  hydro¬ 
fluoric  acid  recommended  for  stainless  steels^  and  the  same  formulation 
used  anodically  which  is  reportedly  excellent  for  the  simultaneous  activation 
of  landing  gear  steel  and  nickel  plated  surfaces.^  The  results  with  both 
procedures  were  disappointing. 

An  activation  solution  that  has  not  been  reported  and  presumably  untried 
is  65  percent  sulfuric  acid  and  5  percent  hydrofluoric  acid.  This  solution 
produced  excellent  adhesion  on  all  three  superalloys  using  a  one  minute  anodic 
etch  at  21°C  and  31  A/dm2 .  An  intermediate  water  rinse  before  chromium 
plating  is  undesirable;  rinsing  was  found  to  decrease  adhesion  on  all  three 
superalloys. 

The  effects  of  etching  time  and  hydrofluoric  acid  concentration  on  the 
adhesion  of  chromium  on  U-700  are  shown  in  Table  III.  The  hydrofluoric  acid 
concentration  was  varied  from  1.25  to  7  percent  while  etching  time  was  changed 
from  15  to  120  seconds.  Sulfuric  acid  content  was  maintained  at  65  percent  • 
since  a  lower  concentration,  i.e.  30  percent,  was  proven  ineffective  while  a 
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higher  concentration  will  increase  solution  viscosity  and  reduce  conductivity. 


Except  for  the  inconsistent  adhesion  results  obtained  with  the  15  second  etch, 
all  of  the  remaining  combinations  produces  excellent  adhesion.  From  our  view, 
a  30  second  anodic  etch  at  31  A/dm^  in  a  solution  containing  65  percent 
sulfuric  acid  and  5  percent  hydrofluoric  acid  is  favored.  The  procedure  was 
also  tested  on  a  selected  group  of  stainless  steels.  The  resulting  adhesion 
of  chromium  on  304,  316,  and  410  stainless  steels  was  found  to  be  excellent. 


CONCLUSIONS 

(1)  Chromic  acid  plating  solutions  operated  anodically  or  cathodically 
were  not  effective  for  activating  superalloys  for  chromium  plating. 

(2)  Solutions  of  sulfuric  acid,  30  percent,  60  percent  and  concentrated, 
were  also  not  suitable  for  treating  superalloys  for  chromium  plating. 

(3)  Excellent  adhesion  was  obtained  using  solutions  containing  sulfuric 
acid  at  65  vol  percent  and  hudrofluoric  acid  between  1.25  to  7  vol  percent. 
Activation  is  conducted  at  a  current  density  of  31  A/dm^  for  a  period  Oj.  30  to 
120  seconds. 


6 


REFERENCES 


1. 

2. 

3. 

4. 


5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


L.  Serota,  Metal  Finishing,  58  (9),  69  (1960). 

H.  B.  Linford  and  D.  0.  Feder,  Plating,  41,  279  (1954). 

ASTM  Designation  B254-53,  "Preparation  of  and  Plating  Stainless  Steels," 
September  (1964). 

Electroplating  Engineering  Handbook,  3rd  Edition,  A.  K.  Graham,  Ed.,  Van 
Nostrand  Reinhold  Co.,  203  (1971). 

I.  Friedman,  Plating,  54,  1035  (1967). 

U.S.  Patent  3,654,099  (1972). 

U.S.  Patent  3,645,861  (1972). 

U.S.  Patent  3,694,326  (1972). 

U.S.  Patent  3,642,586  (1972). 

U.S.  Patent  3,338,803  (1967). 

U.S.  Patent  3,726,773  (1973). 

J.  B.  Berkowitz  and  N.  H.  Emerson,  Plating  Methods,  NASA  SP-5114  (1972). 
Metal  Finishing  Handbook,  77  (13),  January  (1979). 

G.  T.  Sink,  Plating  and  Surface  Finishing,  63  (8),  20  (1976). 

Metal  Progress  Databook,  116  (1)  (1979). 


7 


TABLE  I.  PRIMARY  COMPOSITION  OF  SELECTED  SUPERALLOYS  AND  STAINLESS  STEELS 
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TABLE  II.  ADHESION  OF  HC  CHROMIUM  ON  SUPERALLOYS 
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TABLE  III.  ADHESION  OF  HC  CHROMIUM  ON  U-700  AS  A  FUNCTION  OF 


ETCHING  TIME  AND  HYDROFLUORIC  ACID  CONCENTRATION* 


Time  (sec) 

HF  (%) 

15 

30 

60 

120 

7 

Good 

Ex 

Ex 

5 

Poor 

Ex 

Ex 

Ex 

2.5 

Ex 

Ex 

Ex 

- 

1.25 

Poor 

Ex 

Ex 

- 

*A11  solutions  contain  65%  sulfuric  acid.  Etching  was  conducted 
anodically  at  a  current  density  of  31  A/dm2. 


GRINDING  WHEEL 


11 


Figure  1.  Determining  adhesion  using  the  Shaper  Groove  Test. Surface  grinding 
a  superalloy  specimen  for  Chromium  plating. 


SAMPLE 


12 


Figure  la.  Adhesion  Testing  by  cutting  grooves  across  a  chromium  plated  specimen. 


A 


B 


C 


D 


Figure  2  Shaper  Groove  Test  of  LC  Chromium  on  Gun  Steel  (A)  and  (B)  and  HC 
Chromium  on  Gun  Steel  (C)  and  (D)  . 
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